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ABSTRACT

This study aimed to evaluate the effect of dietary
integration of dried olive pomace (DOP), a by-product
of olive oil separation, on nutritional and aromatic
properties of milk and cheese. Twenty dairy cows were
divided into 2 groups that were balanced for milk yield,
parity, and days in milk. The control group was fed a
conventional diet (20 kg of dry matter/head per day),
whereas the experimental group (EG) received the
conventional diet supplemented with DOP as 10% of
dry matter. During the trial, milk yield was recorded
and the samples of milk, cheese, total mixed rations,
and DOP were collected and analyzed to determine
the chemical-nutritional composition and aromatic
profile. Atherogenic and thrombogenic indices were
calculated on the basis of the fatty acid (FA) profile of
milk and cheese. Data were analyzed according to the
mixed model for milk yield and chemical composition,
including cows nested within treatment as a random ef-
fect, whereas the general linear model was used for the
analysis of cheese parameters. Differences were assessed
by Tukey’s test. The EG diet had a lower content of
palmitic, stearic, and linoleic acids and a higher level
of oleic acid compared with the control. Dietary DOP
integration did not affect milk yield and composition
with the exception of protein content, which was great-
er in EG and significantly affected by diet and period.
Instead, period was found to be significant for fat and
casein in both groups. Dietary supplementation with
DOP modified the FA profile of milk and cheese. There
was a decrease in short- and medium-chain FA, but sig-
nificance was achieved only for palmitic acid. The stea-
ric, isomer trans of oleic (in particular vaccenic acid),
oleic, and isomer trans of linoleic acids significantly
increased. Monounsaturated FA increased in EG milk
and cheese and saturated FA were significantly lower,
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whereas no difference was marked between the groups
regarding level of polyunsaturated FA. Supplementa-
tion with DOP reduced atherogenic and thrombogenic
indices and increased conjugated linoleic acid in both
milk and cheese. The free fatty acids, ketones, lactones,
esters, and phenylalanine catabolites were increased in
raw milk, whereas only leucine metabolism was affected
by diet in pasteurized milk cheese at both 1 and 30 d
of ripening. The present results pointed out that DOP
supplementation may improve the nutritional and nu-
traceutical properties and modify the aroma of milk
and derived cheese.
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INTRODUCTION

Olive production is principally located in the Medi-
terranean area, which contributes to 76% of the total
global production of olive oil. Spain, Italy, and Greece
are the main producers of olive oil. The olive fruits
(drupes) contain about 50% water; the other 50% is
equally divided into oil (as ether extract; EE) and ex-
hausted DM (Marone et al., 2003). Thus, after olive oil
extraction, a large amount of hardly biodegradable OM
comprising vegetation water (waste water) and pomace
(crushed stone, skin, and pulp with a nonnegligible
presence of oil) is produced.

Olive pomace shows a low CP content (<10% of
DM), a high crude fiber content (up to 50% of DM),
and up to 15% of EE (mainly oil); it is further charac-
terized by a high level of UFA (mainly C18:1 ¢is-9, oleic
acid; Molina-Alcaide and Yanez-Ruiz, 2008). Using
olive pomace in animal nutrition is an interesting and
sustainable alternative to its disposal because it may
decrease the costs associated with animal feeding, thus
valorizing a waste biomass. Moreover, the supplementa-
tion of the diet with olive pomace seems to be helpful
in improving the quality of dairy products.

Several studies have tested dietary olive pomace
supplementation in ruminant species, but they did not
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highlight any effects on production characteristics such
as milk yield (Terramoccia et al., 2013; Zilio et al.,
2014; Cibik and Keles, 2016) and growth rate (Owaimer
et al., 2004; Awawdeh and Obeidat, 2013; Mele et al.,
2014). On the other hand, to date only a few studies
have reported the effect of dietary olive pomace supple-
mentation on fatty acid (FA) composition and aro-
matic profile in milk and cheese. Chiofalo et al. (2004)
reported a significant increase in UFA/SFA ratio and
a decrease in atherogenic and thrombogenic indices
of milk in ewes fed partly stoned olive cake. These
findings were confirmed by other studies (Abbeddou
et al., 2011b; Vargas-Bello-Pérez et al., 2013) in dairy
ewes supplemented with olive pomace. These authors
observed a decrease in short- and medium-chain FA
proportion and an increase in oleic acid in milk.

Functionality and risks to human health posed by
foods of animal origin are an increasing concern. Fats
from ruminant products (milk, cheese, meat) are char-
acterized by a category of FA that are positively cor-
related with human health (Mozaffarian et al., 2010;
Dilzer and Park, 2012). Therefore, it is important to
improve the understanding of the relationship between
feeding management strategies and nutritional and nu-
traceutical properties of dairy products.

It is well known that diet, whether or not mediated
by rumen metabolism (i.e., protected fats), can modify
the aromatic profile of dairy products. Evidence sup-
ports the relationship between feeding management
and aromatic profile in products of animal origin. Cows
fed the conventional diet showed differences between
aroma compounds of fresh milk compared with those
fed pasture (Bendall, 2001). Cows (Cais-Sokolinska et
al., 2011), ewes (Sympoura et al., 2009), and lambs
(Elmore et al., 2005) fed diets enriched with UFA
showed a significant change in volatile compounds in
milk and cooked meat. To the best of our knowledge,
only Caputo et al. (2015) have evaluated the effect of
dietary supplementation with olive pomace (as 15%
of total DM) on the aromatic profile of cow milk and
cheese indicating any effect[AU1: Do you mean these
authors reported an effect of olive pomace after 15
d of treatment?] after 15 d of treatment. The present
study aimed to assess the effect of dietary dried olive
pomace (DOP) supplementation on nutritional qual-
ity, FA composition, and aromatic profile of milk and
produced cheese by dairy cows.

MATERIALS AND METHODS

No animal sacrifice was conducted. The animals were
managed according to Directive 2010/63/EU of the
European Parliament (European Union, 2010) and Di-
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rective 86/609/EEC (European Economic Community,
1986), which deal with the protection of animals used
for experimentation or other scientific purposes.

DOP Production

The DOP was obtained from 2 olive varieties (Gentile
and Rustica) locally cultivated for high-quality oil pro-
duction. The DOP was prepared in a traditional press-
ing mill where freshly harvested fruits were washed and
precrushed. The obtained paste was forced and worked
in a mill under 2 running millstones for about 20 min.
To facilitate the separation of oil, the paste was trans-
ferred to a malaxation machine for 20 to 25 min at 20
to 27°C before it was placed in a layer on fiber disks.
Layers of disks and paste were stacked in piles and
pressed to separate the pomace from the liquid fraction
(vegetative water and oil) using hydraulic presses (400
atm). Then, the oil was separated from the water using
a vertical centrifuge. To prevent successive spoilage, the
fresh crude pomace was dried in a hot-air-heated cham-
ber (35°C). Along[AU2: By "along" do you mean
"after” or "throughout"? Please clarify.] 1 full day
of milling, the fresh cake (about 4 t) was transferred in
20-cm-high layers placed in special plastic boxes (55 x
35 x 29 cm) that were largely used to handle, trans-
port, and store the harvested olive fruits. The walls
and the bottom of the boxes had holes and slots to al-
low air exchange. The temperature of the chamber was
stabilized at around 35°C. After the pomace drying, the
boxes were moved into storage and maintained at room
temperature.

Experimental Design, Treatment,
and Sample Collection

The study was carried out on a commercial dairy
farm located in central Italy. The farm included a mill
for olive oil separation and a dairy factory for cheese
production. Twenty healthy dairy cows (Holstein Frie-
sian) were divided into 2 groups (10 animals each) and
were balanced for milk yield, parity, and DIM (Table
1). The control group (CG) was fed a conventional
diet (20 kg of DM/head per day as TMR), whereas
the experimental group (EG) received the conventional
diet supplemented with DOP as 10% of DM. The DOP
was integrated into the experimental diet as a partial
replacement of corn silage, alfalfa hay, sunflower meal,
and wheat meal, obtaining a forage/concentrate ratio
of 66:34 and 54:46 in the CG and EG diets, respectively.

Feeds were collected at the beginning, middle, and
end of the trial. The TMR of the CG and EG diets were
collected across the entire feeding alley in the morning
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Table 1. Group characteristics (mean + SD), ingredients, and nutrient composition of diets and dried olive

pomace (DOP)

Diet
Ttem Control Experimental® DOP
Animal parameters
Milk yield, kg 26.96 + 2.10 27.73 £ 3.51
Parity, no. 2.10 £+ 0.88 2.30 + 0.82
DIM 118 + 34 121 + 42
Ingredient, kg of DM /head per day
Corn silage 9.90 8.25
Second-cut alfalfa hay 3.96 3.08
Corn grain meal 3.34 4.27
Soybean meal 1.94 2.38
Sunflower meal 0.88 0.44
Wheat meal 0.44 —
DOP — 2.00
Vitamins and minerals 0.45 0.45
Total 20.91 20.86
Nutrient composition
DM, % 49.11 52.77 66.19
CP” % 15.31 15.29 7.65
Ether extract,” % 2.92 3.21 15.23
NDF,” % 33.99 34.29 58.32
ADF.* % 19.81 20.40 —
Starch,” % 26.56 26.52 —
Ash,* % 7.80 7.63 —
NE., milk UF/kg of DM 0.92 0.90 —

'The experimental group was fed the conventional diet supplemented with 2 kg (DM basis) of dried olive

pomace for 60 d.

?0On a DM basis[AU14: In last row, spell out UF. Do you mean UFL (unite fourragere lait)?].

and evening. The total amount collected at each time
and for each group was mixed, and a final sample was
taken. After drying the olive pomace, it was stored in
boxes and sampled from the top, middle, and bottom.
The total amount collected at each time was pooled,
and a final sample was taken. Samples of feed were
thereafter analyzed for chemical composition. Ingredi-
ents and chemical composition of the CG and EG diets
and DOP are reported in Table 1.

The study lasted for 74 d and included a period of
adaptation to the experimental diet. During the ad-
aptation period, DOP was increased daily up to 2 kg
of DM; this was achieved on d 14, which was consid-
ered time zero. The experimental period lasted for 60
d. During this period, milk yield was recorded once a
week and individual milk samples were collected every
2 wk and then analyzed for their chemical composition.
At the end of the treatment (d 60), individual milk
of each group was first sampled for FA analysis. The
remaining milk was pooled for each group as bulk milk
and sampled before pasteurization for aromatic profile
analysis.

Bulk milk obtained from each group was collected
on the last day of the trial as described previously. It
was pasteurized at 72°C for 15 s, cooled to 38 + 1°C,

and transferred to the cheese-making container. Subse-
quently, starter bacteria (200 g/100 L) were added to
the milk, and it was kept at the same temperature for 30
min (acidification). Lactococcus lactis and Lactococcus
lactis diacetyl (DEM3) and Streptococcus thermophilus
(STA IDCI15) starter cultures were used. Rennet (75%
chymosin and 25% pepsin; Clerici, Cadorago, Italy) was
added (15 g/100 kg) to the milk, and cheese coagulum
was broken after 30 min of incubation.

The curd was packed into hoops, turned over a few
times, and kept at 28°C until the pH reached a value of
5.3. After this, a 25% NaCl water solution was used to
salt the cheese in brine (2 h/kg of cheese). Thereafter,
the cheese was stored in the ripening room at a con-
trolled temperature (10°C) and a relative humidity of
85%. Cheese of each group was sampled at 1 d (T,) and
30 d (Tsg) of ripening and was thereafter analyzed for
chemical-nutritional composition and aromatic profile.

Chemical Analysis of Feed, Milk, and Cheese

The samples of TMR and DOP were analyzed for
DM, CP, EE, and ash according to AOAC International
(1995). The NDF and ADF were determined using the
method reported by Goering and Van Soest (1970).
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Milk composition (fat, protein, casein, lactose, and
urea) was determined by MilkoScan FT 6000 (Foss In-
tegrator IMT; Foss, Hillerod, Denmark), and SCC was
determined using a Fossomatic TM FC (Foss). Cheese
moisture content and ash were determined according to
AOAC International (2000), and fat was extracted ac-
cording to Domagala et al. (2010) using a mix of chlo-
roform and methanol (2:1, vol/vol). Milk lipid fraction
was extracted according to the Rose-Gottlieb method
(AOAC International, 2000). In both milk and cheese,
50 mg of lipids was reconstituted with 5 mL of hexane
containing C21:0 methyl ester as an internal standard
(Sigma-Aldrich, St. Louis, MO), and 100 pL of sodium
methoxide in methanol (1:1 vol/vol) was used for meth-
ylation. Separation of FAME was performed by GC us-
ing a gas chromatograph (Focus GC; Thermo Scientific,
Waltham, MA) equipped with a CP88 capillary column
(100 m x 0.25 mm i.d.; Agilent Technologies, Santa
Clara, CA) covered with a CB[AU3: Please spell out
CB if an abbreviation.] stationary phase (0.25 pm film
thickness) connected to a flow injection direct detector.
Hydrogen was used as a carrier gas. The initial holding
temperature was 55°C for 1 min; then it was increased
to 170°C at a rate of 10°C/min and held for 30 min.
The final temperature of 215°C was reached at a rate of
2°C/min and was held for 4 min.

Individual FAME were identified by comparing the
retention time of a standard mixture (FIM-FAME-
7-Mix; Matreya LLC, Pleasant Gap, PA), individual
trans-11 C18:1 and individual c¢is-9,trans-11 C18:2
(Matreya LLC), and chromatograms per the method
followed by Kramer et al. (2008). Peak arcas were
quantified using ChromeCard software, and the relative
value of each individual FA was expressed as a percent-
age of the total FA.

Atherogenic and thrombogenic indices (AI and TT,
respectively) were determined in milk and cheese us-
ing the formula proposed by Ulbricht and Southgate
(1991):

(C12:0 + 4 x C14:0 4 C16:0)

A= [>"MUFA + >~ PUFA (n-3; n-6)|

and
(C14:0 + C16:0 + C18:0)
[0.5% > MUFA|+[0.5x 3" PUFA (n-6)]|
+[3x Y PUFA (n-3)] + (n-3 / n-6)

Desaturation index (DI) was calculated using the for-
mula suggested by Mele et al. (2007):
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_ C14:1 cis-9
C14:0 + C14:1 cis-9

Volatile Compounds Analysis by Solid-Phase
Microextraction and GC-MS

Extraction of volatile compounds from milk and
cheese samples was performed by solid-phase microex-
traction (SPME), and GC-MS analysis was performed
with a gas chromatograph (Clarus 580; Perkin Elmer,
Waltham, MA) coupled with a mass spectrometer
(SQ8S; Perkin Elmer). The gas chromatograph was
equipped with an Elite-5MS column (length x inter-
nal diameter: 30 x 0.25 mm; film thickness: 0.25 pm;
Perkin Elmer). Ten milliliters of milk or 5 g of grated
cheese was mixed with 5 and 10 mL of saturated NaCl
solution (360 g/L), respectively, and then 10 pL of
internal standard solution (4-methyl-2-heptanone; 10
ppm[AU4: Please convert to mg/kg or equivalent Sl
unit] in ethanol) was added.

The vials were sealed with a polytetrafluoroethylene—
silicone septum (Supelco, Bellefonte, PA) and stirred
at 60°C. Volatile compounds were extracted from the
headspace with a divinybenzene—carboxen—polydimeth-
ylsiloxane SPME fiber (length: 1 cm; film thickness:
50/30 pum; Supelco), directly exposed for 30 min for
milk and 1 h for cheese samples at the same tempera-
ture and agitation conditions. In the tests no significant
differences were observed when the fiber was exposed
after 15 or 30 min of sample stirring; thus, equilibration
of the vial headspace was not performed (Ozturkoglu-
Budak et al., 2016).

After adsorption time, volatile compounds extracted
by the SPME fiber were thermally desorbed into the
gas chromatograph injector splitless mode for 1 min
at 250°C. The oven temperature was held at 50°C for
1 min, increased at a rate of 3°C/min up to 200°C and
held for 1 min, and then increased from 200°C to 250°C
at 15°C/min and held for 15 min. Helium was used as a
carrier gas at a flow rate of 1 mL/min. The mass spec-
trometer operated in electronic impact ionization mode
at 70 eV, and data were collected in full scan mode,
with a scan time of 0.2 s over a mass range of 35 to 350.
Source and interface temperature were held at 250°C.
Volatile compounds were identified by comparison with
mass spectra of a library database (NIST Mass Spec-
tral library, Search Program version 2.0[AU5: Please
provide either a URL or the name and location of
the manufacturer.]) and by comparing the eluting
order with Kovats indices. Quantification was carried
out integrating the peak areas of a target ion for each
compound. The volatile composition was expressed in
arbitrary units (AU; target ion area X 1073).
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Table 2. Fatty acid profile of dried olive pomace (DOP) and diets

Diet
Fatty acid’ DOP Control Experimental® P-value
C16:0 12.53 14.05 + 0.35 13.55 + 0.24 0.08
C18:0 3.22 3.29 £ 0.08 2.85 £ 0.10 <0.05
C18:1 cis-9 69.56 23.74 £ 0.37 39.12 + 0.70 <0.001
C18:2 ¢is-9,cis-12 9.27 45.07 £ 0.78 39.48 + 0.48 <0.001
C18:3 cis-9,cis-12,cis-15 0.68 3.18 £ 0.63 2.79 £ 0.18 0.19

"Expressed as a percentage of total fat.

*The experimental group was fed the conventional diet supplemented with 2 kg (DM basis) of dried olive

pomace for 60 d.

Statistical Analysis

Milk yield and chemical composition were analyzed
according to a mixed model using PROC MIXED of
SAS (version 9.0; SAS Institute Inc., Cary, NC) with
diet, period (week for milk yield and 2 wk for chemical
composition), and diet x period as fixed factors. The
random effect of cows nested within the treatment was
included in the model. The FA composition of individ-
ual milk samples collected on the last day of the trial
was analyzed according to PROC MIXED with diet as
a fixed effect plus cows nested within treatment. Bulk
milk aromatic profile was analyzed by 1-way ANOVA,
including diet as a fixed factor. Chemical and FA com-
position and aromatic profile of cheese were analyzed
by PROC GLM, including diet, time of ripening, and
their interactions as fixed effects. Separation of means
was assessed by Tukey’s test, and differences were con-
sidered significant if P < 0.05. Results were reported
as least squares means + standard error of the mean.

RESULTS
DOP and Diet

The FA profile of DOP and diets is shown in Table 2.
The most abundant FA in DOP was oleic acid (C18:1

cis-9). Palmitic (C16:0) and linoleic (C18:1 ¢is-9,cis-12)
acids were the other acids that were also present,
whereas stearic (C18:0) and linolenic (C18:3 cis-9,cis-
12,cis-15) acids were the FA less present in DOP. The
EG diet showed a significantly lower content of stearic
and linoleic acids compared with the CG diet, whereas
we observed an increased content of oleic acid in the
EG diet as a consequence of its high DOP content.

Nutritional Composition of Milk and Cheese

Milk yield recorded during the experimental period
was not affected by diet, period, and diet x period in-
teraction (P > 0.05). Dietary DOP integration did not
affect milk composition (Table 3) with the exception of
protein content, which was affected by diet (P < 0.05)
and period (P < 0.05) and was greater in EG than
in CG. Fat content did not differ between the groups.
Instead, period affected fat (P < 0.05) and casein (P <
0.05) contents in both groups. Milk urea content was
not different between groups, and values were in the
recommended range (23-35 mg/100 mL; Mariani et al.,
1992). The SCC did not differ during the trial (P >
0.05) conducted between the groups.

Chemical compositions of T cheese and Ts, cheese
are reported in Table 4. Many chemical parameters
were affected by diet x period interactions. Moisture

Table 3. Effect of dried olive pomace supplementation on milk chemical characteristics

Diet P-value
Ttem Control Experimental' SEM Diet Period
Fat, % 3.41 3.66 0.10 0.09 <0.001
Protein, % 3.33 3.72 0.05 <0.05 <0.05
Casein, % 2.63 2.77 0.14 0.18 <0.001
Lactose, % 4.76 4.62 0.17 0.15 0.37
Urea, mg/100 mL 32.07 30.53 0.73 0.14 0.82
SCC, x10* cells/mL 300 365 61.81 0.46 0.83

"The experimental group
pomace for 60 d.

was fed the conventional diet supplemented with 2 kg (DM basis) of dried olive
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Table 4. Chemical composition of cheese recorded at 1 (T;) and 30 (Ty) d of ripening

T, Ty
Diet Diet
P-value
Item Control Experimental® SEM Control Experimental SEM Diet x period
DM 37.94 42.71"4 1.09 49.75" 48.94" 0.93 ok
Fat, % DM 37.314 39.064 1.08 32.05" 32.86" 1.22 Hokk
Ash 3.63 3.93 0.43 4.41 4.44 0.54 NS

*"Means with different superscripts are significantly different by diet.

ABMeans with different superscripts are significantly different by period.

"The experimental group was fed the conventional diet supplemented with 2 kg (DM basis) of dried olive pomace for 60 d.

*HEEP < 0.001.

content was lower (P < 0.001) in the EG diet at T,
compared with the CG diet and, as expected, decreased
significantly after 30 d of ripening in both groups. No
differences in fat content were observed between groups
at both T, and Ts,. Fat concentration decreased signifi-
cantly in both groups (P < 0.001) from T; to Tj.

The FA composition of individual milk samples was
collected at the end of the trial, and the relative-pro-
duced cheese[AU6: By "relative-produced cheese"
do you mean "corresponding cheeses" (i.e., the
cheeses made from the same milks)?] at Tj, is
shown in Table 5. Results for the FA profile recorded
in T; cheese were not reported because no statistical
difference was detected compared with Tj, cheese. In
light of this result, only data for Ts, cheese (which cor-
responds to the marketing time) are shown. Inclusion of
DOP modified the FA profile of milk and cheese. The
major changes involved palmitic, stearic, oleic, trans
isomers of oleic (in particular vaccenic acid), linoleic,
and CLA isomer (C18:2 cis-9,trans-11 and C18:2 trans-
10,cis-12) acids.

Among single short- and medium-chain FA, only pal-
mitic acid was lower (P < 0.001) in EG compared with
CG. On the other hand, stearic, trans isomers of oleic
(C18:1 trans-9 and C18:1 trans-11), oleic, rumenic,
CLA trans-10,cis-12, and long-chain FA were greater
(P < 0.05) in milk and cheese produced by cows supple-
mented with DOP.

Supplementation with DOP produced an increase in
MUFA (P < 0.001), mainly because of the great amount
of oleic acid, and a decrease in SFA (P < 0.001), whereas
no differences were observed for PUFA. The SFA /UFA
ratio for both milk and cheese was lower (P < 0.01) in
EG compared with CG. As a consequence, atherogenic
and thrombogenic indices were reduced (P < 0.01) in
EG milk and cheese. Finally, DOP supplementation was
associated with an increased (P < 0.001) CLA content
in milk and corresponding cheese, whereas no differ-
ences were observed for desaturation index in both milk
and cheese (Table 6).
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Aromatic Profile of Milk and Cheese

Several chemical families of volatile compounds from
lipolysis and proteolysis catabolism were detected in
raw milk and cheese of CG and EG. In raw milk, free
FA (FFA; 12,491 vs. 26,223 AU for CG and EG, re-
spectively), esters (783 vs. 1,053 AU for CG and EG,
respectively), lactones (445 vs. 890 AU for CG and EG,
respectively), and ketones (767 vs. 2,395 AU for CG
and EG, respectively) were higher (P < 0.05) in EG
milk compared with CG milk. However, no differences
for aldehydes were found between the 2 groups (Figure
1). Among lactones, ~-lactones (43 vs. 69 AU for CG
and EG, respectively) were higher (P < 0.05) in EG
than in CG, whereas &-lactones (775 vs. 398 AU for CG
and EG, respectively) decreased in EG milk compared
with CG milk (data not shown). Regarding proteolysis,
only Phe catabolites were detected in raw milk, and
they were higher (P < 0.001) in EG than in CG.

Families of volatile compounds detected in T, cheese
and Tj, cheese of CG and EG are shown in Figure
2. Regarding lipolysis, FFA, esters, lactones, ketones,
and aldehydes were detected in cheese of both groups,
whereas Phe, Leu, and Met catabolites were observed
from proteolysis.

The results highlighted an increase (P < 0.05) in all
classes of volatile compounds except esters and alde-
hydes during aging in both groups, indicating a ripen-
ing effect, although no differences were seen between
the 2 groups at both T, and Ty (P > 0.05). The only
exception was reported for Leu catabolites, which were
higher at both T, (P < 0.01) and T3, (P < 0.001) in EG
compared with CG.

DISCUSSION

Chemical composition of DOP, in particular protein
content, in the current study was different from (Mo-
lina-Alcaide and Yanez-Ruiz, 2008; Terramoccia et al.,
2013) or similar to (Sadeghi et al., 2009) that reported
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Table 5. Fatty acid composition of milk at the end of the trial and after 30 d of ripening in the relative-produced[AU15: Do you mean
"corresponding cheese" — that was made from the same milk?] cheese

Milk Cheese
Diet Diet

Fatty acid," % of total FA Control Experimental® SEM P-value Control Experimental SEM P-value
C4:0 2.81 2.57 0.09 NS 2.91 2.64 0.17 NS
C6:0 2.15 1.95 0.07 NS 2.27 2.06 0.14 NS
C8:0 1.40 1.30 0.04 NS 1.32 1.17 0.09 NS
C10:0 3.97 3.70 0.13 NS 3.67 3.50 0.20 NS
C11:0 0.41 0.27 0.09 NS 0.29 0.23 0.05 NS
C12:0 5.10 4.65 0.17 NS 4.72 4.38 0.18 NS
C13:0 0.19 0.18 0.02 NS 0.18 0.20 0.06 NS
C14:0 14.24 13.56 0.24 NS 13.57 13.29 0.27 NS
Cl14:1 1.73 1.54 0.13 NS 1.43 1.44 0.06 NS
C15:0 1.61 1.58 0.10 NS 1.52 1.61 0.03 NS
C15:1 0.20 0.18 0.01 NS 0.19 0.16 0.03 NS
C16:0 35.43 32.87 0.65 ok 35.48 32.74 0.67 ok
C16:1 1.80 1.55 0.13 NS 1.80 1.53 0.04 ok
C17:0 0.52 0.54 0.15 NS 0.53 0.55 0.02 NS
C17:1 0.23 0.20 0.02 NS 0.21 0.17 0.03 NS
C18:0 6.25 7.87 0.47 * 6.24 7.20 0.24 ok
C18:1 trans-9 0.21 0.38 0.02 kK 0.24 0.47 0.02 ok
C18:1 trans-11 0.67 1.10 0.05 ok 0.79 1.19 0.03 A
C18:1 cis-9 14.98 17.62 0.43 Hx 15.35 17.98 0.47 oK
C18:2 cis-9,cis-12 1.87 1.86 0.06 NS 1.80 1.98 0.11 NS
C18:2 trans-10,cis-12 0.15 0.23 0.03 * 0.21 0.28 0.01 *
C18:2 cis-9,trans-11 0.46 0.56 0.01 ok 0.55 0.69 0.02 Hoxx
C18:3 c¢is-9,cis-12,cis-15 0.21 0.22 0.01 NS 0.21 0.23 0.01 NS
C20:3 0.10 0.10 0.01 NS 0.11 0.12 0.01 NS
Short chain® 10.69 9.79 0.29 NS 10.18 9.37 0.56 NS
Medium chain® 60.86 56.69 0.76 ok 59.72 56.12 0.42 ok
Long chain® 26.66 31.80 0.72 HoHK 27.33 32.19 0.88 ok

"Expressed as a percentage of total FA.

*The experimental group was fed the conventional diet supplemented with 2 kg (DM basis) of dried olive pomace for 60 d.
C4:0 to C10:0.

‘C11:0 to C16:1.

C17:0 to C20:3.

*P < 0.05; **P < 0.01; ***P < 0.001.

Table 6. Aggregated fatty acids and healthy indices observed in individual milk at the end of the trial and after 30 d of ripening in the relative-
produced cheese[AU16: Do you mean "corresponding cheese" — that was made from the same milk?]

Milk Cheese
Diet Diet
Item Control Experimental® SEM P-value Control Experimental SEM P-value
SFA? ) 74.03 71.04 0.59 otk 72.73 69.58 0.65 otk
MUFA? 20.46 23.36 0.52 ok 21.07 24.18 0.53 ok
PUFA2 2.93 3.09 0.07 NS 2.88 3.30 0.15 NS
CLA*® 0.61 0.79 0.02 ok 0.76 0.97 0.03 ok
SFA/UFA 3.20 2.70 0.08 ok 3.06 2.53 0.11 ok
Atherogenic index 4.36 3.62 0.11 ok 4.12 3.42 0.16 ok
Thrombogenic index 4.74 4.07 0.13 oK 4.56 3.84 0.11 kK
Desaturation index” 10.66 10.19 0.66 NS 9.57 9.77 0.32 NS

"The experimental group was fed the conventional diet supplemented with 2 kg (DM basis) of dried olive pomace for 60 d.
*Expressed as a percentage of total FA.

*Desaturation index (cis-9 14:1/14:0 + c¢is-9 14:1).

P < 0.01; ¥ P < 0.001.
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supplemented with 2 kg (DM) of dried olive pomace (gray bars). FFA = free fatty acids. *P < 0.05; **P < 0.01; ***P < 0.001.

4000 -
3500 4
3000 4
2500 +
2000 4
1500 -
1000 -
500 A

0

AU (x 1,000)

FFA

70

AU (x 1,000)

Aldehydes

T30

AU (x 1,000)

AU (x 1,000)

120 -
100 -

AU (x 1,000)
3 8

~
o
AU (x 1,000)

[~
(=] o
L

Lactones Ketones

AU (x 1,000)

Methionine catabolites

Phenylalanine catabolites Leucine catabolites

Class of volatile compounds

Figure 2. Classes of volatile compounds (LSM + SEM) detected in pasteurized-milk cheese obtained from milk produced by cows fed the
control diet (black bars) and a control diet supplemented with 2 kg (DM) of dried olive pomace (gray bars). FFA = free fatty acids; TO =
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in other studies. The NDF of DOP was high mainly
because of the presence of lignin in the stone, but it did
not affect the NDF content of the EG diet. The high
variability of DOP depends on several factors that are
difficult to control, such as cultivar, year of production,
olive maturation, and oil extraction method. The DOP
integrated at 10% of DM did not modify the overall
chemical composition of the EG diet compared with the
CG diet, indicating that it may be used in cow diets at
this concentration.

Milk yield was not affected by dietary DOP supple-
mentation. This finding agrees with the results of other
researchers who assessed the effect of diet integration
(about 15% of DM) of dried stoned olive pomace for 40
d in cows (Zilio et al., 2014) and buffalo (Terramoccia
et al., 2013).

Milk protein content was influenced by dietary DOP
integration. This result was unexpected and did not
agree with other studies that reported no modification
of protein content when ewes (Abbeddou et al., 2011b)
and cows (Zilio et al., 2014) were fed olive pomace.
Although diets were isoenergetic and isoproteic, EG
cows received a lower amount of forage compared with
CG cows, and the difference in the forage/concentrate
ratio of the diets could be associated with the increased
protein yield (Jenkins and McGuire, 2006). Moreover,
Pallara et al. (2014) evaluated the effect of olive pomace
on rumen microbial communities in an in vitro study
and highlighted that the inclusion of olive pomace
stimulated rumen VFA production. This finding sug-
gests that dietary olive pomace integration may modify
rumen microbial activity and protein content in milk,
and further studies are needed to clarify this behavior.

Chemical composition of T; and Tj, cheese was not
affected by dietary integration with DOP. This result is
in agreement with those obtained in dairy sheep (Ab-
beddou et al., 2011a; Branciari et al., 2014).

The results of the present study showed a positive
effect of DOP utilization on FA profile of milk and
cheese. According to Nudda et al. (2005), the FA
composition found in cheese reflects the composition
observed in milk. This suggests that the improvement
in nutritional quality achieved in milk as a consequence
of DOP supplementation is thereafter maintained in
the relatively fresh and aged cheese.

Dietary DOP integration reduced short- and medi-
um-chain FA, but only palmitic acid was significantly
lower in EG milk and cheese. Short- and medium-chain
FA are synthesized completely ex novo and partially by
the mammary gland starting from acetate and BHB,
respectively, produced in the rumen (Lock and Bau-
man, 2004). Other studies reported that supplemen-
tation with long-chain FA negatively affected the ex

novo[AU7: Confirm "ex novo" — do you mean "de
novo"?] synthesis of short- and medium-chain FA in
the mammary gland (Shingfield et al., 2013). Medium-
chain FA are responsible for increasing the concentra-
tion of low-density lipoprotein cholesterol in blood when
it is not associated with the correct level of linoleic acid
(Sundram et al., 2003). The reduction of medium-chain
FA, in particular for palmitic acid, could improve the
nutritional quality of milk and other dairy products.

As expected, DOP positively affected the oleic acid
level in milk and cheese. In addition to the high content
of oleic acid in DOP, this result might be related to the
desaturation of stearic acid occurring in the mammary
gland by A”-desaturase (Loften et al., 2014), encoded
by the stearoyl coenzyme A desaturase gene (Smith
et al., 2006). This mechanism was reported in dairy
sheep (Vargas-Bello-Pérez et al., 2013) and buffalo
(Terramoccia et al., 2013) fed dietary olive pomace
supplements. However, C14:1/C14:0 ratio, considered
an index of A%desaturation in the mammary gland
(Mele et al., 2007), did not differ between the groups,
suggesting that the increase in oleic acid is related more
to diet than to A’-desaturase activity.

Previous studies have investigated the effect of olive
pomace or tannins on the rumen microbial community,
in particular the Butyrivibrio genus and Butyrivibrio
proteoclasticus, which are responsible for hydrogenation
of UFA and the reduction of C18:1 to C18:0, respec-
tively. Olive pomace and tannins negatively affected
the Butyrivibrio genus and B. proteoclasticus activity
and slowed the hydrogenation of oleic and linoleic in-
termediates in ewes (Pallara et al., 2014) and lambs
(Vasta et al., 2010), suggesting a partial escape of
biohydrogenation (BH) intermediates from the rumen
(Sinclair, 2007). Our results are consistent with previ-
ous studies that highlighted that dietary supplementa-
tion with vegetables with high oil content determined
higher level[AU8: Accurate to rephrase "determined
higher level" as "produced a higher level"?] of
C18:0, C18:1, C18:1 trans-11, and C18:2 c¢is-9,trans-11
in both goats (Mele et al., 2008) and cows (Dhiman et
al., 2000).

Stearic acid, the final product of BH of dietary
MUFA and PUFA (Mosley et al., 2002), increased in
EG milk and cheese, suggesting the complete satura-
tion of double bond[AU9: Clarify "complete satura-
tion of double bond" — do you mean there were no
double bonds?] in long-chain FA during microbial
BH. Our results agree with previous studies showing
that the concentration of stearic acid in milk and dairy
products increased when diets contained a high level of
unsaturated C18 FA (Gémez-Cortés et al., 2008; Moate
et al., 2014). On the other hand, dietary supplemen-
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tation with DOP seems to promote the secretion of
BH intermediates (vaccenic acid in particular) in milk,
leading to an increase in milk CLA isomers.

Trans isomers of oleic acid (mainly vaccenic acid) and
rumenic acid content in milk are regulated by stearoyl
coenzyme A desaturase activity in mammary tissue. In
particular, rumenic acid (cis-9,trans-11 C18:2) has 2
origin pathways. The first is the partial rumen BH of
linoleic acid, which is responsible for the production of
a small proportion of CLA secreted in milk (Chilliard
and Ferlay, 2004). The second is its endogenous syn-
thesis in the mammary gland starting from vaccenic
acid (Lock and Bauman, 2004), which is responsible
for about 60% of rumenic acid secretion in cow milk
(Griinari et al., 2000; Mosley et al., 2006).

Rumenic acid and CLA trans-10,cis-12 are the pre-
dominant CLA in milk, and their concentrations in
both milk and cheese were greater in EG compared
with CG. Conjugated linoleic acid is reported to have
an important role in the functionality of the mammary
gland, mediated by its antioxidant activity. Recent
studies showed that CLA isomers protect bovine mam-
mary epithelial cells from lipoperoxidation (Basirico et
al., 2015), and they mitigate the level of the reactive
oxygen species better than other FA studied (Basirico
et al., 2017). Ruminant products are the primary di-
etary source of CLA for humans. The benefits of CLA
for human health are related to their potential activity
in slowing the development of atherosclerosis (Lock et
al., 2004), reducing accumulation of body fat (Evans
et al., 2002), enhancing bone mineralization (Platt et
al., 2007), modulating the immune system (Song et al.,
2005), and influencing glucose and lipid metabolism
(Belury et al., 2003).

Finally, MUFA and PUFA content in milk and cheese
was positively influenced by dietary DOP integration,
which negatively affected SFA level. As a consequence,
SFA/UFA ratio and atherogenic and thrombogenic
indices decreased in the EG. In light of this, it could
be argued that dietary DOP supplementation may be
of help in increasing nutritional value and health func-
tionality of milk and related dairy products.

Regarding aromatic profile, some classes of volatile
compounds derived from lipolytic and proteolytic
processes seem to develop differently in raw milk and
pasteurized-milk cheese, as seen between the 2 groups.
In raw milk, FFA, ketones, lactones, esters, and Phe
catabolism were influenced by DOP supplementation.
Production of FFA may be attributed to the activity
of esterase and endogenous lipoprotein lipase, which
naturally are present in raw milk (McSweeney and
Sousa, 2000). A suggested pathway for the development
of FFA is the high content of SCC. In our study, al-
though the SCC level was higher in EG, the differences
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were not significant and probably could not support
this hypothesis. Therefore, further studies are necessary
to better understand the mechanisms involved in FFA
development. Moreover, the higher content of FFA in
EG liberated through lipolysis may influence the pro-
duction of ketones, originating from FFA oxidation to
B-ketoacids and subsequent decarboxylation.

Supplementation with DOP positively influences the
development of ~-lactones. The accumulation of these
compounds in milk is closely related to the dietary
integration of oleic acid. In particular, oleic acid is in-
dicated as the precursor of 10-hydroxy stearic acid in
the rumen that is transformed in ~-12:0 by (3-oxidation
(Jenkins et al., 2006).

The high content of oleic acid in the EG diet due
to DOP integration may account for the decrease of
d-lactones in milk. Indeed, ruminal production of ac-
etate that represents the precursor of lactones in the
mammary gland (Walker et al., 1968) is reduced by
dietary UFA (Griinari et al., 1998) through the inhibi-
tion of fiber digestion.

Esters are sometimes present in the raw milk of rumi-
nants (Moio et al., 1993), and their biosynthesis occurs
by activity of lactic acid bacteria, which are common
microorganisms in raw milk and cheese. Esters, espe-
cially ethyl esters, are responsible for the sweet, floral,
and fruity notes of cheese, and their contribution to the
flavor of dairy products depends on their concentration:
they positively contribute to the overall flavor balance
at a low concentration, whereas they are considered off-
flavors at a high level (Liu et al., 2004). Moreover, these
compounds contribute to the development of the aro-
matic profile in dairy products, minimizing the bitter
aroma conferred by FFA (Curioni and Bosset, 2002).

Integration of DOP did not affect the content of
aldehyde, which is a common product of decomposi-
tion of hydroperoxides developed by the oxidation of
UFA (Day, 1966; Esterbauer, 1982). Our results are in
agreement with Sympoura et al. (2009), who did not
highlight differences in aldehyde content in cheese when
extruded linseed was integrated into the cow diet.

Phenylalanine is the only AA detected in raw milk,
and its metabolism seems to be influenced by diet. The
greater development of Phe catabolites in EG probably
is associated with the higher protein content reported
in milk.

Finally, among families of volatile compounds from
lipolysis and proteolysis detected in pasteurized-milk
cheese, only Leu metabolism was affected by DOP
supplementation at both T; and Ty, Generally, Leu
is the most abundant AA in cheese, and its catabo-
lism determines the production of important flavor
compounds for the development of cheese aroma (Smit,
2004). Various microorganisms used in cheese-making,
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such as those belonging to the genera Lactococcus,
Lactobacillus, Streptococcus, and Propionibacterium,
are able to convert Leu into several flavor compounds.
However, further study is needed to better clarify the
effect of DOP on the development of Leu catabolites
during cheese ripening.

CONCLUSIONS

The present results show that DOP utilization in the
diet of lactating dairy cows may modify the quality of
dairy products. The increased UFA (oleic acid, vaccenic
acid, and CLA) and decreased SFA (short- and medi-
um-chain FA until palmitic acid) suggests a positive
role of DOP in improving the nutritional and nutraceu-
tical properties of milk and corresponding cheese. As
a consequence, the aromatic profile of dairy products,
especially raw milk, also was modified by DOP integra-
tion. Therefore, it is necessary to verify whether these
changes may have any effect on consumer acceptabil-
ity. The substitution of conventional feeds with waste
biomasses produced by agroindustrial processes (e.g.,
olive pomace) may be a good practice for increasing
quality and sustainability of dairy products in regions
less suited to the production of fodder. Finally, the
valorization of waste biomass as feed is an interesting
solution to its disposal, especially in areas where these
by-products are produced in high amounts during short
periods of the year.
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